Time-resolved studies of molecular structure with pulsed x-rays:

where are we and where are we going?:

Michael Wulff
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Optical pump & x-ray probe(ID09B)
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spectral flux: ph/0.1%/pulse(10mA)

2.0E+07

1.5E+07

1.0E+07

5.0E+06

0.0E+00

Spectrum of the mono-harmonic undulator U17

0

10 15 20 25 30
energy(keV)

35

40



|

The U17 undulator on ID09
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The structural dynamics of small molecules in liquids
l,, Br, and C,H,I,

Experiment:

Maciej Lorenc, Qingyu Kong, Hyotcherl Inee, Anton Plech, Philip Anfinrud, Friedrich Schotte
and Michael Wulff,

Theory:

Fabien Mirloup, Rodolphe Vuilleumier, Savo Bratos



Three recombination pathways for |, in CCl,

X-wavefunction

photo-excitatio @ 520 nm t =140 ps

Before excitation

A/A’- wavefunction
T =2.7ns

Atomic wavefunction
T =25ns



. hv| AR’ o(140ps)

0_""|'"|""|""|""_
2.0 2.5 3.0 3.5 4.0 4.5

Interatomic distance [A]

Geminate recombination: 1L* > 1, on, (1) - _ 1 n_ (¢); n(t) =n(0)exp(-t/t,)
ot L “
Non-geminate recombination: I,* > | + | Gny () = _ka nz(t); n(t) = !
ot ! n(0)" +k,t

k,=0.72 102 M ps”’
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The time to reach local thermal equilibrium in CCl,
dist(l,*, I,*) = 50 A, 1,* in CCl,(1: 675)

Temperature wave

pC,

' ' Thermalisation time: 80 ps
Delta T=2.3 K



The dissociation and recombination of 12 in CCl4

MD simulation by Rodolphe Vuilleumier, Paris(CP2K)
256 CCl4 + 12. Time-step 0.5 fs(20 fs steps shown here). Film stops at 10 ps




Gas-phase
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Real-space inversion of AS(q, t) to AS]r, t]

]

AS[rT]=——

f dq q AS(q,T)sin(gr)

ASJr, t] is a formfactor biased measure of the change in the electron density
seen from the center of an average excited atom.



The g( r) function in a liquid

a(r)—
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S(q) [e.u./atom]

The Radial Diffraction Pattern from CCl4

E=88.0 keV, A= 0.141 A, exposure time 12 s on ID15(ESRF)
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The interference from local order in CCl,
static measurement from ID15, ESRF.
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Electron density(e/A%)

The measured structure of liquid CCl,




AS(q)/ (e.u.)?/CCl,-molecule

0.002

The difference oscillations from I,* + CCl,* 100 ps after excitation.
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Delta S[ r ] [a.u.]
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Radial map of the recombination of Br, and |, in CCl, after 100 ps
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The effect of an ultrafast temperature jump on g.( r ).
MD simulation.
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The energy transfer |,* - CCl, causes a change in the thermodynaic state of bulk CCl,
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Dynamics in real-space

NS delay 1 ns

AS [ [ / A/d- molecule]

Interatomic distancd]



AS (e.u.)?/K/CCl,-molecule

The signals from the induced change in structure of CCl,
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The Diodoethane project(Hyotcherl lhee et al. )

CH,ICH,| + hv(267nm) — CH,ICH,+ + | — CH,=CH, + 2|
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Time-Resolved Difference Signal

AqS(q; -100 ps) AqgS(q; 100 ps) AqS(q; 10 ns) AQS(q; 1 us)
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Molecular Structure of C,H,I intermediate at 100 ps

?qS(q, 100 ps) for Bridged Structure Formation

7rS(r, 100 ps) for Bridged Structure Formation
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The bridged structure is formed!




The time-resolved structure of the myoglobin complex MbCO
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Laue diffraction image

L29F12_1





































Outlook

1.

Increase the g-range from 0.5-9.0 to 0.05-13.0(ML optics and new U20 undulator)
Use multilayer optics for better spectral control(and lower heatload)

Use hybrid mode to reach 50 ps resolution

Use picosecond laser pulses to excite proteins

Have a faster CCD camera to increase the x-ray duty cycle from 50% tp 90%
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